Abstract. The effective charge Z * is often invoked to account for the accumulation of counterions near the colloid with intrinsic charge Z. Although the ion concentrations c i are not uniform in the solution due to the presence of the charged particle, their chemical potentials are uniform everywhere. Thus,on the basis of ion chemical potential, effective ion concentrations c i *, which can be experimentally measured by potentiometry, are defined with the pure salt solution as the reference state. The effective charge associated with the charged particle can then be determined by the global electroneutrality condition. In terms of the charge ratio α = Z * /Z, the effects of added salt concentration, counterion valency, and particle charge are examined. The effective charge declines with increasing salt concentration and the multivalent salt is much more efficient in reducing the effective charge of the colloidal solution. Moreover, the extent of effective charge reduction is decreased with increasing intrinsic charge for a given concentration of added salt.
INTRODUCTION
A colloidal dispersion, consisting of many charged particles and small ions, is a very complicated system. To describe the equilibrium and dynamic properties of colloidal solutions, the concept of effective charge is commonly adopted in the literature. [1] [2] [3] [4] The essential idea associated with charge renormalization is that counterions accumulate in the vicinity of the surface of the colloid carrying intrinsic charge Z because of strong electrostatic coupling. That is, the electrostatic attraction is large compared to the thermal energy k B T.
Consequently, the decorated object (charged particle plus counterions)may be regarded as a single entity which possesses an effective charge, Z * . The effective charge (in absolute value) can be much less than the intrinsic charge, Z * <<Z. The determination of Z* is dependent on which physical property is considered. It is frequently regarded as an adjustable parameter in a fit of experimental data with approximated models. For instance, the effective charge can be inferred from voltammetry, electrophoresis, or small-angle neutron scattering. [5] [6] [7] [8] The 
CELL MODEL AND SIMULATION
It is very common to adopt a spherical Wigner-Seitz (WS) cell to investigate the physical properties associated with colloidal solutions. 1-4 A short description of Monte Carlo (MC) simulation is given below. The simulation details can be seen elsewhere. 9 The system simulated in the present work comprises a charged sphere of radius a fixed at the center of a spherical cell with radius R and a collection of hard spheres with valency ±z i =1, 2, or 3.
The diameter of the counterion d is assumed 0.4 nm and is taken as the unit for the spatial length, At 298 K, the dimensionless energy parameter in Coulombic interaction 
RESULTS & DISCUSSION
Our simulation results indicates that when monovalent salt is added, the loss of counterion entropy is responsible for the decrease of the effective charge.
Moreover, the counterion fluctuation-correlation effect may provide additional attraction between counterions and colloids. Figure 1 also shows that for a given amount of salt addition, the effect of salt addition on Z * is more significant for a colloid with smaller Z than for one with larger Z. Since a colloid with larger intrinsic charge has higher free counterion concentration, one expects that more amount of salt is required to provide added counterions, which can neutralize the particle charge. Nonetheless, the differences between these two salts are quite small.
In a solution containing charged particles, counterions are always accumulated in the vicinity of the surface of the charged particle with intrinsic charge Z.
The effective charge Z * is therefore invoked to represent the physical behavior of such a highly charged colloidal dispersion. The value of the effective charge changes with its definition. In other words, it is model dependent.
Unfortunately, a thermodynamic definition of Z * , which can also be experimentally measurable, is generally lacking. In this study, we propose an operational definition of the effective charge, which is thermodynamically well defined and can be determined by potentiometry. 7 On the basis of this definition, we are able to investigate the effect of multivalent salt addition on the effective charge of a dilute colloidal dispersion.
In order to explore the influence of adding 
